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m 1.0 INTRODUCTION
qw,

This reportpresentsthe resultsof a geophysicalsearchfor five

abandonedirrigationwellsat MoffettNavalAir Stationnear Sunnyvale,

California.Generalizedwell locationsbasedon historicaldata are shown
1

in FigureI. The objectiveof the projectwas to use surfacegeophysical

methodsto searchfor probablelocationsof the abandonedwells. The work
1

was authorizedby Kennedy/Jenks/ChiltoncontractnumberK/J/C

866078.13-G-93.Fieldwork was completedbetweenJuly 29 and August15,

1987. Fieldworkwas conductedin accordancewith the

Kennedy/Jenks/ChlltonSlte SafetyPlanand was coordinatedby Mr. Blll

Bazlen.

Surfacegeophysicaltechniqueswere thoughtto be usefulmethodsfor

" locatingthesewellsbecausetheywere probablycasedwith steelpipe.

Three complementary geophyslcal proflllng methods were used in this study

•, to increasethe probabllltyof locatingthewells. Profileswere obtained

usingmagnetic,electromagneticInductlon(EMI),and groundpenetrating

radar(GPR)methods. Magneticsurveysmeasurethe earth'smagneticfield,m _lli,

which is disturbedby buriedferrousmetal. EMI surveysuse the

principalof electromagneticInductionto measuresoll conductivity.
III

Conductivitychangescan be causedby varlablegeologicfeatures

(groundwaterzones,shallowrock,faults/fracturezones)or buried

electricallyconductiveobjects. GPR surveysuse high frequency(MHz)

electromagneticwavesIn a reflectlonmode to locatesubsurfacecontrasts

m in dielectricproperties.Dielectricchangescan also be causedby

geologicfeaturesor burledconductlveobjects. Therefore,each of these

j methodsis potentiallyable to locateburiedsteelwell casingbecauseit

representsa magnetic/conductive/dielectriccontrastrelativeto the

surroundingsoils.

iii

Ii
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Z,O SUMMARYOFRESULTS

Several geophysical anomalies were located In each of the five sites
41t

(Figures 2 through 6) investigated, These anomalies might represent the

abandonedirrigation wells, The surveydata were processed nightly by the
mm crew and anomalouszones in each data set were highlighted. Coincident

geophysical anomalies that were not obviously causedby cultural effects

m were markedas "PotentialTargets"and stakedin the field. One of these

targetsat site23-A1was hand excavatedand the steelcoverplateof a

m well was foundabout4 inchesbelowgrade. One of the targetsat slte 14-C

was foundto be a buriedmanholecover. The discoveryof thesetwo buried

objectsdemonstratedthat the geophysicaltechniquesare appropriate,andw
the resolutionprovidedby the samplingintervalwas adequate,for locating

wells. However,it shouldbe notedthatany of the threegeophysical
al

techniquescouldfall to detecta buriedirrigationwell for a numberof

reasons. The well wouldcertainlynot be detectedIf, as sometimeshappens,

B the well Is notwithinthe surveyarea. It wouldnot be detectedif it is

burieddeeperthan the effectiverangeof the instrumentor If the

"V physicalpropertiesof thewell do not differgreatlyfrom the

surroundlngs.The limitingdepthfor the EMI is about15 feetand forGPR

it is probably8 to 10 feet here. The penetrationof the GPR Is highlyimp

dependenton the electricalconductlvltyof the ground(wetclay can render

GPR Ineffectlve).Magnetlcdetectlondependson the magneticstrengthand

depthof the target. If thereIs no Iron In thewell casing,it wlll not

be detectedin any case. Detectlonby any of the techniquescan be made

m_ unreliable by backgroundnoise causedespecially by things llke scrap

metal, metal fences, cars, power lines, etc, The use of three

-- complementarytechniquesgreatlyImprovedthe prospectsof detection.

The surveydata for each techniqueare shownIn sitemaps In ApppendicesA
i

throughE. The "PotentialTargets"shownIn Figures2 through6 are

discussedin Section7.0.
im

mm

N
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m

3.0 SURVEY GRID DESIGN

m

V Probable locations (Figure I) of the irrigationwells were determined from

a historic record search conducted by previous consultantsto the Navy.e
These locationswere staked and a circle with a 100 ft radius (centeredon

the stake) was marked on the ground by Kennedy/Jenks/Chiltonbefore the
m

geophysicalsearch began. A center line was drawn through the circle and

was marked at five ft intervalswith pin flags or spray paint. These marks

am were used to space the lines along which data were collected. Two addi-

tional reference lines, parallel to the center line, were constructedjust

m outside of the circle. These three lines were used to align the profiles.

Constructionof the profiles consisted of laying a rope between the

o appropriatemarks on the reference lines. Measurementswere taken at five

ft interval marks on the rope.

The lines were labelled from i to 39 and the stationswere numbered with

0 at the center line and positive numbers going one directionand negative

numbers going in the reverse direction. This station numbering schemewas

not used at the first site, 14-C. Instead a rather cumbersomemethod of

.m _m_ always starting each profile with station I was used. This method proved

ineffectivewhile making the first base map for the site.

t A base map for each site is included in the Appendices. The base maps

show the original stake location,profile and station locationsand

;_ identifications,and the surroundingcultural features (runways,

powerlines,undergroundpipelines, etc). The magnetic and EMI survey data

.w were posted on the base maps and contoured to providethe basis for anomaly

identification. The anomalies caused by nearby cultural featureswere

identified and eliminated as possible "PotentialTargets". A summaryof
.al

the geophysicalsurveysat each site is shown in Table 1.

i

m
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TABLE 1. SUMMARYOF GEOPHYSICALSURVEYACTIVITIES

qlm

Site No. of Hag No. of EMI GPR
m ID Nag Stations Coverage EMI Stations Coverage Coverage

(linearft) (linearft) (linearft)

am 14-C 1,359 6,575 1,353 6,575 13,085

14-A 1,274 6,190 1,279 6,190 12,305
im

14-F 1,175 6,200 633 3,070* 12,620

13-D 926 4,435 707 2,285* 8,935
im

23-A1 1,402 6,375 1,295 6,375 11,760

M
Totals 6,136 29,775 4,567 24,495 58,705

tlB

.allV TM

* Note: The differencebetweenthemagneticand EMI surveyscoverageis
t explainedIn Section7.0

III

m

am

am
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m 4.0 MAGNETICSURVEY

W
4.1 INSTRUMENTATION

The magnetic data were measuredwlth an EDAproton precession

m magnetometer/gradlometer,modelPPM-500. Thls typeof instrumentmeasures
the earth'smagneticfieldwith a two stepprocess. First,an external

coil surroundingthe sensorfull of a proton-richfluld(kerosene)produces
m

a magneticfieldnormalto the earth'sfleld. Thls externalfield

polarizesthe protonsand forcesthem Intoalignment.When the external

m fleldIs removed,the protonsprecessaboutthe earth'sfleldat the Larmor

frequency,whichIs measuredby the instrument.Thls frequencyIs directly

proportionalto the strengthof the earth'smagneticfield. The meters

sensitivityIs + I gamma.

eli
The PPM-50Oconsistsof two sensors,a connectingstaff,and the measuring

unit. The instrument can measure the earth's total magnetic field and the

m verticalgradientbetweenthe sensorsand storethis informationalongwith

proflle/stationdata and the tlme In solldstatememory. The data can then

m V be automaticallytransferredto a portablecomputerfor processingand

dlsplay.

m 4.2 DATAACQUISITION

m The magneticdatawere obtainedat everystationpossiblealongthe 39

profileslaid out at each site. Severalprecautionsmust be takenwhen

collectingmagneticdata. A11 meta111cobjectswere removedfrom the
'-m

operator,and meta111cculturalfeatures(scrapiron,cars,etc) were

removedfrom the surveyarea (whenposslble).Whiletakingthe readings,
_m

the sensorswere alwaysorientedtowardmagneticnorthso the external

magneticfleldIn the sensorIs normalto the earth'sfleld. The operator

ei alwaysstoodaboutthe samedistanceand in the same directionaway from

the sensorwhile readingdata. 0nly one operatorread the datawithina

,m base loop.

A noisestudywas conductedat the flrstslte (14-C)priorto conducting
ill

the survey. The purposeof thisstudywas to determinethe optimumheight

of the sensors. The closerthe sensoris to the targetthe largerthe
II

wp.216.386 11
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m magnitudeof themagneticreading. As the distance(d)betweenthe sensor

qw, and targetincreases,the magnitudeof the readlngwill decreaseas a

f functionof d-3. If the sensorIs too closeto the ground,surfacemetal

debris(wire,metalhardware,rebar)wlll dramaticallyinfluencethe

readingsand sometimesmask themagneticanomalyassociatedwith the
4m

desiredtarget.

o Magneticdata alonga diagonalprofileacrossthe firstsltewere collected

with the top sensorat 6, 8, and 10 ft abovethe ground. Only the 10 ft

sensorheightproduceda magneticprofilethatwas not completelydominatedm

by hlghamplltude,hlgh frequencynoise. A sampleprofilewas then

completedacrosstwo exposed,metalwell coverswlth the sensorheightat
" g

10 ft to make sure thata knowntargetwouldylelda recognizeableanomaly

at thls sensorheight.
4m

A base stationwas establlshedat each slte in a 1ocatlonrelativelyfree

from nearbyculturalfeatures. Repeatedreadingswere made at the baseg
stationeveryI_ to 2 hoursduringthe magneticsurveyto determinethe

rateof instrumentand dlurnaldrift. (Dlurnaldriftof the earth'sfield

is primarilydue to tldalmotionof the ionosphere).If not removed,the

driftcan distortmagneticanomallesof interest.

4.3 DATAPROCESSING

,e Processing total fleld magnetic survey data consists of two steps. The

drift rate within a base loop ls determined from successive base readings,
,_ The driftto be removedfrom eachmeasurementmade betweenthe base

readingsIs calculatedby linearinterpolationversustime. The average

am drift rateduringthlssurveywas 11 gammasper hourwhich Is relatively

high. Secondly,an arbritaryconstantvalue(48,000or 50,000gammas)was

subtractedfrom all the driftcorrectedreadingsto reducethe valuesfromam
flve to only threedlgits. The adjusteddatawere then postedon a base

nap showingthe relativelocatlonsof the culturalfeatures(AppendicesA
m

throughE). The data were contouredand importantanomalieshighlighted.

Anomaliesthoughtto be causedby culturalfeatureswere labelled.

m Anomaliesthatmightrepresent"PotentialTargets"were rankedaccordingto

how they comparedwith the theoreticalmagneticfieldfor a verticalpipe

m (Breiner,1973).

wp.216.386 12

m



I

== Vertical gradient magnetic data were taken at the first site only. These

V datawere dominatedby highamplltude,high frequencynoiseprobably

w relatedto very near surfacefeatures. An anomalycausedby a buriedwell

easilycouldbe maskedby this noise. Therefore,the gradientdatawere not
takenat the otherfour sites.

a@

An experimentwas conductedwith the magnetometerafterthe well at site

am 23-A1was discovered.Magneticdatawere takenalongthreeGPR profiles

runningparallelto the perimeterfenceand near the well to see the

== response. GPR profile120 was directlyoverthe well and profiles121 and

122 were 3 and 6 ft southof the well,respectively.

The resultsof this testare shownin Figure7. The magneticdata along

profile120 is badlydistorteddue to the chainlinkfencewhich is only2

m ft away. Thesedata clearlyshow the care thatmust be takenwhen

interpretingmagneticanomaliesin the presenceof culturalfeatures.

t Profile121 Is also heavllyinfluencedby the fence,but the basicshapeof

the curveis characteristicof the buriedwell. Profile122 is far enough

away from the fenceand does not appearto be distorted.This profileis a

good exampleof themagneticanomalyovera well. The magneticanomaly

reachesa maximumnear thewell and then failsoff rapidlyon eitherside
gm

as the sensoris movedaway from the well. This relationshipalso can be

seenon the othertwo profiles,even thoughthereis distortionby noise

== from the fence.

D

D

S

m
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5.0 ELECTROMAGNETICINDUCTIONSURVEY

w 5.1 INSTRUMENTATION

Soll conductivitymeasurementswere made with a GeonicsEM-31terrain

conductivitymeter. The instrumenthas separatetransmittingand receiving

coilsthat act as magneticdlpoles. Small-amplitudeeddy currentsare

inducedin the groundwhen alternatingcurrentIs appliedto the

m transmittercoll. The resultant,secondarymagneticfieldscausedby the

eddy currents,are detectedwith the recelvercoii. The InstrumentIs

deslgnedso that the ratioof the receivedsignalto the transmltted

prlmaryfleldis proportlonalto the soil conductlvlty.Field

o measurementsare rapidbecauseno directconnectionwlth the groundis

required.

The EM-31consistsof a 12-ftlongboom containingboth the transmitterand

receiver coils and is operated by one person. Because of its short co11

w separation,the EM-31gathersdata predominantlyfrom near-surface

materials.The effectivepenetrationdepth,in the normaloperatingmode

m V (verticaldipoles),is about15 ft. The meter'ssensitivityis ±mmhoslm.

5.2 DATA ACQUISITION
I

The EMI datawere obtainedat everystationpossiblealongthe 39 profiles

w laidout at each site (exceptat sites14-Fand 13-D,See Section7.0).

Precautionssimilarto thosedescribedfor the magneticsurveywere also

takenwhen collectlngthe EMI data. Whiletakingthe readings,the sensor
Im

was held levelwith both ends of the boomaboutthreefeet abovethe

ground. Measurementsweremade with the boom inlinewith the profileand

alwayspointingin the samedirectionregardlessof whichway the profile

was traversed.At everyfifthstationalongthe profile,and at obviously

a anomalousreadings,the boomwas positionedperpendicularto the profile

and the readingnoted. This techniquecan determinethe longaxis of a

m narrow_ondu_tor,such as a buriedpipeline. Only one operato_read the

datawithina base loop.

am The magneticbase stationestablishedat each sitewas also used duringthe

EMI surveyto determineinstrumentdrift. Repeatedreadingswere made at

the base every1 I/2 to 2 hours.

wp.216.386 15
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_ 5.3 DATAPROCESSING

W
Processing EMI data is similar to the methoddescribed for magnetic data.

The drlft rate is determined from the multiple base readings and ls removed

from the data. The average drift rate during the survey was 1.5 mmhos/m

if per hourwhich is relatlvelylow. The adjusteddatawere postedon the

basemap (AppendicesA throughE) and contoured.Anomalleswere

highllghted.The anomaliescausedby culturalfeatureswere labelledand

the ones thoughtto represent"PotentlalTargets"were ranked.

ell

I

ell

oV

m
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6.0 GROUNDPENETRATINGRADARSURVEY
m

"_mW 6.1 INSTRUMENTATION
tram

GPR datawere takenwith a GeophysicalSurveySystem,Inc.,SIR System8

groundpenetratingradar. Impulseradarradiatesrepetitive,short-time
iI

duration,electromagneticpulsesIntothe earthfroma broadbandwidth

antennaplacedvery closeto the groundsurface. The equipmentfunctions

as an echo soundingsystemusingradarpulsesof only a few nanosecondsto

detectand measurelocationand depthof reflectingdiscontinuitiesin the

m subsurface.Continuousprofilesare generatedby towingthe antenna

along a line and displaying the reflected signals on a graphic recorder. A

am 120 MHz antennawas used for this surveyto obtainmaximumpenetration.

The effectivepenetrationdepthat thesesitesIs estimatedto be between8

and 10 ft. The penetrationwas limitedby a shallowwatertableand clay
iN

in the subsurface.

D 6.2 DATAACQUISITION

The GPRdata were collected continuously along 77 llnes at each site,
_m v

comprising the 39 lines used for magnetic and EMI data and llnes

halfwaybetween. With thls spacing,the swathscoveredby the antenna

w housingoverlappedon adjacentproflles,thus increaslngthe probabilityof

detectinga smalldlameterwell.

' m

As the antennacenterpassedby the stationmarkson the profiles,a mark

was electronicallyplacedon the GPR records. Thesemarkswere labelled

with proflleand stationnumbersand formedthe basisfor postinglocations

of radartargetson the basemap.

No noiseor resolutiontestwere conductedwlth the GPR becauseobtalning

maximumpenetratlondepthwas themost importantfactor. The effectivem

penetrationdepthwas not determinedquantitatlvelybecausea target

(pipeline,storagetank)at a knowndepthwas not available.
m

I

qll

D
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6.3 DATAPROCESSING

I_' The GPR data is shownin realtime in a graphicformatthat does not

m requireany drlftor othercorrections.Anomalieswere highlightedon the

recordsand categorizedas beingsma11,large,very large,or deep metal

a targets. Geologlcfeaturessuchas trenchesor dippingstratawere

ignored. The appropriatecategorysymbolfor eachanomalywas thenposted

on the site'sbasemap (AppendicesA throughE). The anomaliescausedbyil

knownculturalfeatureswere labelled.Anomalieswith similarshapewere

connectedif they formedlinearfeaturesand were labelledas a probable

buriedculturalfeature. Anomaliesthoughtto represent"Potential

Targets"were ranked.

W

my

S

I

I

V
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.7,0 CONCLUSIONS

o The Interpretatlonprocessconslstedof the followlngsteps:
v

o Anomalieswere identifiedin each of the threegeophysicaldata
m sets (i.e.,GPR,magnetics,and EMI)

, o Anomaliesassociatedwlth obviousculturalfeatureswere labelled
: and then removedfromconsiderationli

o Geophyslcaldata setswere comparedto findcoincidentanomalies

m • Coincidentanomalieswere selectedas being"PotentialTargets"
and were rankedat eachsite.

mm For the purposeof rankingthe "PotentialTargets,"the magneticdata are

coFslderedto be the most diagnosticfor thesesites. The magneticsurvey

_, car.respondto targetsdeeperthanthe estimatedmaximumpenetrationdepth

(i0feet)of the GPR survey. Also,themagnetometer,unlikethe GPR, can ..........
r-

• detecta targetwithoutpassingdirectlyover It. (Twiceas many GPR profiles
_4111

were obtainedat each slteto minimizethe possibilityof missinga well

T becauseIt was locatedbetweenprofiles.)At severalsites,the usefulnessof

_ the EMI datawas limitedby interferencefrom culturalfeatures.
r

_m _nce "PotentialTargets"were identifiedand markedon themap, their
lo;atlonswere also stakedIn the field. Severalmarginallysuitable

!

' anomalieswere stakedfor convenienceandwere discardedas "Potential

Targets"laterduringdata review. Many targetswere relocatedwith the GPR

! and thenflagged.
£m

The targetswith the highestprobabilityof beingthe abandonedirrigation
!

:r wel1_ are 11stedbelow.Lmm

Slte IO Most Probable.Targets

_4-C 2, 5
14-A I
14-F i, 5

Lm 13-O 3, 4, 7
23-AI Well located

mm Severalgeneralizeddescriptionsare used in the followingdiscussionto

explainthe variousobservedgeophysicalanomalies

4m_

Im



-- MAGNETICANOMALIES

v All "PotentialTargets"are locatedon large-amplitudemagneticanomalies
:w thatare circularin shape. If thereis no remanentmagnetisminvolved,

the anomallesfromdlpolesourcesconsistof a high-lowpair of contour
, line closuresthatare onlyS to 20 feetapartand the pair is oriented

with the low towardmagneticnorth. The locationof the sourceis within
m the steepestpart of the gradientbetweenthe hlgh-lowpair. This general

descriptionrepresentsthe Idealmagneticanomalyover a small-diameter,
verticalwell. Any exceptionto thisgeneraldescriptionwill be

:m speciflcallynotedfor each "PotentialTarget."

EMI ANOMALIES
m

The majorityof the data primarilyrespondto nearbyculturalfeatures.

GPR ANOMALIES
,e

GPR data collectedovera buriedmetalobjectindicatevery strong
reflectionsas shownat thewell foundat site23-AI. Some of the
"PotentialTargets"dld not produceGPR anomalies.Thls does not preclude
the possibilitythat a well is the sourceof the magneticanomaly,

-_ because the effective penetration depth of the GPR is no more than 8 to 10
:m feetand may be muchless.

The anomalyidentificationnumbersdo not representa rankingor priority
at a site.

_tV
"POTENTIALTARGETS"

i
IF Site 14-C: 5 targets

Site BetweenRunwayand Taxiway

im TargetI - This targetproduceda very characteristicmagnetichigh-lowpairwith the low towardmagneticnorth. Thereis a
coincidentEMI lowand a deep targetfoundwith the GPR
survey. This targetwas hand excavatedand a 3-ft diameter,

1 reinforcedconcreteman hole coverwas found. Beneaththe
coverwas a concretetunnelprobablyrunningNW alongthe very
prominentmagnetichigh.

!m
Targets- Theseprobabletargetsproducestrongmagnetichighsand are
2, 5 thoughtto be independentof the lightsalongthe taxiwayedge

becausethe anomaliesare circularin shapeand smallin areal
m extent,which is not typicalof an anomalycausedby a linear

feature(suchas the runwaylights). The GPR showsa
localized_-rgetargetat No. 2 but not at No. 5. The taxiway

-- lightsdominatedthe EMI data,whichwere of no use at these
targets.

am Target3 - This targetproduceda weak magnetichigh-lowanomaly.
• - Comparisonwith the EMI and GPR data indicatesthat this

qmg targetis probablyassociate_with a buriedstormdrain

20



imm

travelingacrossthe infieldperpendicularto the taxiway
• and runway. The targetproducesa prominentEMI anomaly,
j so it must containconductivematerial,but the weak

magneticanomalyindicatesthat the conductivematerialis
V probablynon-ferrous.The GPR also showsa continuous,

linearfeaturecoincidentwith theseanomalies.
_U

Site 14-A: 3 Targets
J Site BetweenTwo Runways

TargetI - This targetproduceda highmagneticanomalywithinthe
== prominentlowmagneticzone probablycausedby metalpipes

runningalongthe SW edge of the concreteapron. The EMI
data also showa coincidenthigh anomalywithina very
steepgradientrunningalongthe apronedge. The GPR

== surveyshowsa localizedfeatureat this targetlocation
and showsa longlinearfeaturealongthe apronedge.
This targetmightbe a well,or possiblya structure

lu associatedwith the apronedge feature.

Target2 - This targetproducesa circularhighmagneticanomaly,no
imm EMI anomaly,and a smallGPR anomaly. Duringtarget

staking,a smallmetaldrainpipe was foundthat passes
just beneath the paved road. The magnetic anomaly is

i probablycausedby the drainpipe;its largemagnitudeis
likelycausedby the proximityof the magnetometerto the
surfacepipe.

im_ Target3 - This targetproducesa very strongGPR reflection,but no
coincidentmagneticor EMI anomalies.Therefore,the
sourcedoes not appearto be ferrousmetaland is not
expectedto be a well._¢mmP

Site 14-F: 5 Targets

(_= Site Just East of HangerI

The EMI dataat this siteare primarilyinfluencedby the surroundingcultural
r

)=m features(airplanetle-downs,cars,trenchescontainingpipes)and are not

used in targetidentification.This factwas recognizedin the fieldand,f
!

IW therefore,measurementswere made only on everyotherprofile. The magnetic

data have also been influencedby the culturalfeatures,but not as severely

as the EMI data. Originally,the magneticdatawere collectedonlyalong

m

m 21
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m

everyotherprofileand contoured.To verifythe magneticanomalies,magnetic

datawere collectedon the In-betweenprofilesand tied to the originaldata
.D

_m_ by reoccupylngthe same basestation. The datadid not significantlychange
the contourmap and are not includedin the AppendixC figure.

_IIII

TargetI - Thls probabletargetis locatedwithina very steep
magneticgradientbetweenhigh-lowanomalies.The steep

! gradientsof thlsslopesuggesta largeshallowsource
suchas a well and the GPR showsa deep,isolatedfeature
at this location. Thereare no obviousnearbycultural

m featuresto causethismagneticanomaly.

Target2 - This targetis locatedwithina steepmagneticgradient
u Just southof a high anomalycoveringa largearea. There

are many surroundingculturalfeatures(watermain cap,
flre hydrant,and a buriedtrenchwith metalpipes). The

!_ GPR surveyshowsmany isolatedanomaliesscatteredaboutthis area. Thls targetis not thoughtto representthe
well becausethereare toomany surroundingcultural

i featuresthatare contributingto the measurementsthat
_, causedthe elongatedmagneticanomaly.

Target3 - This targetIs associatedwith a largemagneticlowand
!_ was originallythoughtto be a probabletarget. There
_ are severalisolatedGPR anomaliesin the area. The

targetcouldnot be relocatedduringtargetstaking. The
magneticlow can probablybe attributedto the cars parked

Imams', immediatelyto the east and west,and It is considered
unllkelyto representa well location.

!_ Target4 - This GPR targetproducedno magneticanomalyand therefore
i does not representthewell and was removedfrom themap.

Target5 - Thls targetproducesa relativelysmallcircularmagnetichlgh but no GPR anomaly. The targetIs located
immedlatelynorthof a buriedtrenchwith pipes(as seen

: by repeatedGPR anomalies).This anomalyis considereda
"PotentialTarget"becausethereis no generalmagnetic
anomalyassociatedwith this trench(thepipesare
probablynot ferrousmetal).

!m
! Site 13-D: 7 targets

Site Just East of DoubleHangers

_m Site 13-Dis surroundedby many culturalfeatures,similarto Site 14-F. The

EMI data are of no use at this slteeitherand themagneticdata are highly

m influencedby thesefeatures. The EMI and the magneticdatawere reevaluated

afterthe firsthalfof the gridwas completedand it was decidedto readonly

everyotherprofileduringthe secondhalfof the survey. Later,magnetic

22
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m

datawere collected along the in-between proftles for completeness. The new
D

data were tied to the orlglnal data by reoccupylng the base. The newdata did,llw
not significantly changethe contour mapand, therefore, are not shownin

the Appendix D figure.

,m Targets - These targets are associated wtth magnetlc highs and several
1,2 GPRanomalies and were originally thought to be "Potential

Targets",untlldata reviewshowedthat a magnetichigh
extendsalmostcontinuouslynorth-southacrossthis area. The

m GPR also showsa wide deep featurecoincidentwith these
magnetichighsthat run paralleland slightlyeast of the
trenchseenat the surface. Theseanomaliesare now thought

== to be part of thlswide featureand are no longerconsidered
to be "PotentialTargets".

; Targets - Theseprobabletargetsproducesmall,circularmagnetichighs
Ii 3,4 withina surroundingmagneticlow zone. Theseanomaliesare

neara trenchbut are thoughtto be unrelatedto it because
thereIs no generalmagneticanomalyalongthe trench. Thus,
the anomaliesare thoughtto be causedby some otherburied
feature. The GPR data do not showan anomalyat No. 3, but

i thereis a wlde anomalyat No. 4 and a smallfeaturerunning
im SE fromthe fire hydranton the northedge of the grid. The

smallfeaturemay be causedby a non-ferrouspipe to the
I hydrant. The sourceis thoughtto be non-ferrousbecausethe

!wV magneticsurveydoes not show a coincidentlinearanomaly.

Target5 - Thls targethas a strongGPR reflectionand is associatedwith
I a long,narrowmagnetichigh. The GPR showsrepeatedwide
_ anomallesthatare In-llnewith thlsmagnetichigh.

Therefore,this targetis now thoughtto be causedby a trench

or stormdrainnot visibleat the surfaceratherthana well_W location.

Target6 - Thls targetproduceda strongGPR reflection,but no magnetic
anomalyand could not be relocatedduringtargetstakingand

iw is not thoughtto representa well.

i Target7 - Thls 1ocatlonis characterizedby localized,largeamplitude
im anomaliesIn both the EMI and magneticdata. Thereis alsoa

deep targeton the GPR. This targetwas not stakedin the
field,but shouldbe consideredas a "PotentlalTarget".

!l
SiteA23-AI: Well Located

Site in IrrigatedFieldAlongPerimeterFence

i The GPR surveywas initiallycompletedat this siteand the resultsplotted.

Afterthe GPR surveyon the regulargridwas finished,two new areaswere

== surveyedimmediatelysouthof the originalgrid. The firstareawas located

W betweenMaconRoad and the base perimeterfence(comparethe two GPR datamaps

J=
23
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- in AppendixE). The secondarea was In-linewith the orlglnalgrid and south

V of the perimeterfence(off-base).The well was foundon profile120 by

m diggingat the locationof a very strongGPR reflection.The magneticand EMI

datawere collectedat the originalgrid,but beforetheywere plotted,the

well was located.
,!
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. 1.0 INTRODUCTION

! Thls report presents the resultsof the Second Phase geophysical search for

eleven additional buried abandoned irrigationwells at Moffett Naval Air

,, Station near Sunnyvale, California. Generalizedwell locationsbased on

historical data are shown on Figure I. The objective of the project was to

use surface geophysicalmethods to search for geophysicalanomalieswhich may
,LII

represent locationsof the buried abandonedwells. The same general

procedures previously used for the First Phase study (EarthTechnology report

-- to.Kennedy/Jenks/Chiltondated October, 1987) were followed during the.present

phase. The work was authorizedby Kennedy/Jenks/Chiltoncontract number K/J/C

i 866078.13-G-93,Work AuthorizationNo. 2. Field work was done during three

periods: November 5-December7, 1987, December 21-23, 1987, and

.. January 11-18, 1988. Field work was conducted in accordancewith the

Kennedy/Jenks/ChiltonSite Safety Plan and was coordinatedby their employees,

Mr. Brian Schroth and Mr. Keith Beury.
LIIP

The technicalrationale for using surface geophysicaltechniqueswas that they

i-m _ should be useful methods for locatingburied wells because the wells were

probably constructedfrom steel (ferrous)pipe. Three complementary

!om geophysicalprofilingmethods were used to increase the possibilityof
locating the wells. Profiles were obtained using magnetic, electromagnetic

induction (EMI),and ground penetrating radar (GPR) methods.

Magnetic surveysmeasure the earth'smagnetic field, which is disturbed by

,= buried ferrous metal.

EMI surveys use the principal of electromagneticinduction to measure soil

_: conductivity. Conductivitychanges can be caused by variable geologic

features (for example, groundwaterzones, shallow rock, faults/fracturezones)

-" or buried electricallyconductive objects (for example, steel pipe).

GPR surveys use high frequency (MHz) electromagnetlcwaves to locater_

'.f

):: subsurface contrasts in dlelectrlc properties. Dielectric changes can be

caused by variable geologic features or buried conductiveobjects (such as

ii" steel pipe).

i
!,



. Each of these methods, therefore, is potentially able to locate buried steel

_m' well casing because it represents a magnetic/conductive/dielectric contrast
_ relatlve to the surrounding sotls.

I

During the First Phase study (Earth Technology, 1987) the three chosen

geophysicaltechniqueswere able tO locatethewell at siteSW-Z3A1and a

buriedmanholecoverat slteSW-14C. However,It shouldbe notedthat the

lack of a particulartypeof anomalydoes not necessarilyindicatethata well

is not present. Any of the threegeophysicaltechniquescouldfail to detect

a buriedirrigationwell for a numberof reasons. For example,thewell would

not be detectedif, as sometimesmay i,appen,the well is not locatedwithin

the surveyarea. Nor would It be detectedIf It Is burieddeeperthan the

effectiverangeof the instrumentor if the physicalpropertiesof thewell do

not differgreatlyfrom the surroundings.The limitingdepthis about15 ft

feetfor the EMI and probably8 to 10 feet for the GPR. The penetrationof

the GPR is highly dependent on the electrical conductivity of the ground; wet

!'_ claycan renderGPR ineffective.Magneticdetectiondependson the magnetic

• strengthand depthof the target. If thereis no iron in the well casing,it

;:!__ wlll not be detected. Detectionby any of the techniquescan be made
unreliableby backgroundnoisecausedespeciallyby thingslike scrapmetal,

metalfences,cars,powerlines,etc. The use of threecomplementary

techniquesgreatlyImprovesthe likelihoodof detection.
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2.0 SUMMARYOF RESULTS

Severalgeophysicalanomaliesthatmightrepresentthe abandonedirrigation

_== wells were located In seven of the eleven sites (Figures 2 through 13)

investigated. The survey data were processed nightly by Earth Technology's

_-- fieldcrew. AnomalouszonesIn eachdata set were hlghlighted.Coincident

geophyslcalanomallesthatwere not causedby obviousculturaleffects(such

as, undergroundpipes,streetlamps,vehicles,and otherknownmetallicII

objects)weremarkedas "PotentialTargets"and stakedin the field. A11

interpreted"PotentialTargets"are locatedon magneticanomaliesthatare
1

charact_.isticof subsurfacetargets•w,Lhmass equivalentto ironwell casing

between650 and 1000ft in lengthand 8 to 12 inchesin diameter.
_nm

The surveydata for each techniqueare shownin sitemaps in AppendicesA

J throughL. The "PotentialTargets"shownin Figures2 through13 are
discussedin Section7.0. The targetswith the highestprobabilityof being

....i the abandoned Irrlgation we]] are as follows:
if

Site ID Most ProbableTargets

ali

SW-1 1,3

SW-1N No Targets

_--" SW-2 1,3

SW-3 No Targets

it SW-6 None recommended

SW-7 1,2

.....m SW-8 None recommended

SW-9 No Targets

SW-IO 1,2
i

SW-11 I

15G01 No Targets

" 15G02 No Targets



i ill

3.0 SURVEYGRIDDESIGN

i The generallocations(FigureI) of burledirrigationwellswere ascertalned

from a recordsearchconductedby Kennedy/Jenks/Chllton(K/J/C,1988). These

generallocationswere stakedand a circlewith a 100 foot radius(centeredon
_i

the stake)was markedon the groundby Kennedy/Jenks/Chlltonbeforethe

geophyslcalinvestigationbegan. A centerlinewas drawnthroughthe circle

and was markedat 5-footintervalswith pin flagsor spraypaint. These

markswere used to spacethe profilesalongwhichdata were collected.Two

J _additionalreferencelines,parallelto the centerline,were constructedat a

distanceof 75 feet to eithersideof the centerline. Markson thesethree

lineswere used to alignthe profiles. A ropewas placedperpendicularto the

referencelinesusingthe groundmarkingsdescribedabove,and measurements

were takenat 5-footintervals.The profileswere labelledfrom I to 39; the
i

stationswere numberedwith 0 at the centerline,positivenumbersgoingin

one direction,and negativenumbersIn the oppositedirection.f-

A differentgrid geometrywas usedat threesites. At the originalSW-I site,

!i _ an east-westrectanglegridwas establishedextending10 feet northof the

base perimeterfenceto about4 feetnorthof the Freeway101 right-of-way

fence. The gridwas aboutB50 feet long (east-west)and 50 feetwide
i

(north-south).

im At sites15G01and 15G02,two prospectivewell locationswere marked,about
! t

95 ft apart,becausedifferentsourcesindicatedconflictinglocationsfor

thesetwo wells. Therefore,the measurementgridwas constructedas a

north-southe11ipsewith the GI and G2 locationson the majoraxis

(Figure12). Duringthe geophysicalsurvey,the locationswere movedabout
i J

i 150 feet to the north. Two clrcleseachwith a radiusof 100 feet,were

constructedand a new grid (Figure13)was establishedby extendingthe

!J existingprofilelinesfrom the originalGI and G2 grid The origlnalgrid

and the new grid are 1abelledas the west and east panels,respectively,and

-- can be joinedtogetherusingthe commoncenterllne.

Once the grid geometrywas constructedat each site,then all possible

culturalfeatures(picnictables,steeldrums,cars,airplanes)were removed

from the site to reducetheireffecton themeasureddata.
!i
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:.. A base mapfor each site ls Included in the appendices. The base mapsshow

the orlglnal stake location, profile and station locations and

Identlflcatlons,and potentlallyinterferingculturalfeatures(runways,

powerlines,undergroundpipelines,etc.). The magneticand EMI surveydata

were contouredto providethe basisfor anomalyidentificationand the
ml
_, detectedGPRtargetswere postedon the basemap. The anomaliesthoughtto be

causedby nearbyculturalfeatureswere identifiedand eliminatedas possible

_ "PotentialTargets." A summaryof the geophysicalsurveysat each site is

shownin TableI.

!mUll
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( t (
TABLE I. SU_RY OF GEOPHYSICALSURVEY ACTIVITIES

Site No. of Mag No. of EMI GPR
ID Description Mag Stations Coverage EMI Stations Coverage Coverage

(linearft) (linearft) (linear ft)

KJC-1 PerimeterFence 1,881 9,350 0 0" 19,640

KJC-IN IrrigationField 1,376 6,475 1,313 6,180 12,945

KJC-2 Apron-FireDept. 1,384 6,710 0 0" 13,470

KJC-3 BEQ Building 1,184 5,760 1,180 5,745 10,240

KJC-6 Plane Wash area 1,354 6,680 1,282 6,240 13,420

KJC-7 Galley 1,298 6,200 1,294 6,080 12,480

KJC-B Apron-DoubleHangers 1,369 6,685 0 O* 13,700

KJC-9 Taxiway-Runway 1,378 6,690 1,380 6,710 13,480

KJC-10 Apron-PlaneWash 1,379 6,585 0 O* 13,240

KJC-11 PicnicArea 1,296 6,330 1,290 6,250 12,460

KJC-15 Residential(2 areas) 2,294 11,170 2,195 10,620 22,340

Totals 16,193 78,635 9,934 47,825 157,415

* Note: The differencebetweenthemagneticand EMI surveycoverageis
explainedin Section7.0.

6



-- 4.0 MAGNETICSURVEY

:_ 4.1 INSTRUMENTATION

,_ The magneticdatawere measuredwlth an EDA protonprecesslonmagnetometer/

gradiometer,modelOMNI IV. The instrumentcanmeasurethe earth'stotal

,-, magneticfieldand storethls informationalongwith proflle/stationdata and

the date/timein solid-statememory. The data are automaticallytransferred

F to a portablecomputerfor processingand display.i iiii

This type of instrumentmeasuresthe earth'smagneticfieldwith a two-step

i, process. First,an externalcoll surroundinga sensorthat is fullof a

proton-richfluid(kerosene)producesa magneticfieldperpendicularto the

earth'sfield. This externalfieldpolarizesthe protonsand forcesthem into

alignment.When the externalfieldis removed,the protonsprecessaboutthe

_:" earth'sfieldat the Larmorfrequency,which is directlyproportionalto the
_ llll

strengthof the earth'smagneticfield. The instrumenthas a sensitivityof

_ _ _+I gamma.

4.2 DATA ACQUISITION

The magneticdatawere obtainedalongeveryaccessibleprofilelinewithinthe

,_ grid at a site. Severalprecautionsmust be takenwhen collectingmagnetic

data. All metallicobjectsmust be removedfrom the operator,and obvious

_* metallicculturalfeatures(scrapiron,cars,etc.)were removedfrom the
m

surveyarea (whenpossible).Whiletakingthe readings,the sensorswere

, alwaysorientedtowardmagneticnorthso that the externalmagneticfieldin

the sensorwas normalto the earth'sfield. The operatoralwaysstoodabout

the samedistanceawayand in the same directionfrom the sensorwhile reading
r .;

i-,J data. Only one operatorread the datawithina base loop.

A noisestudywas conductedduringthe FirstPhasestudy(EarthTechnology,

1987)at slteSW-14C. The purpose of thls studywas to determinethe optimum

heightof the sensors. The closerthe sensoris to the targetand/orthe
',/41m

largerthe target,the largerthemagnitudeof the magneticanomaly. As

the distance(d) betweenthe sensorand targetincreases,the magnitudeof the

7
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-- readingwill decreaseas a functionof d-3 (Brewer,1973). If the sensoris

too closeto the ground,surfacemetaldebris(wire,metal hardware,rebar)

i.!w will dramatlcallyInfluencethe readingsand sometimesmask the magnetlc
anomalyassociatedwith the desiredtarget. The optimumsensorheightfor the

secondphasestudywasdeterminedto be 10 feet.
ell

i,

A base stationwas establlshedat each site in a 1ocatlonthoughtto be

•i, relativelyfree from nearbyculturalfeatures. Repeatedreadingsweremade at

the base stationevery1.5 to 2 hoursduringthemagneticsurveyto determine

im the rateof instrumentand diurnaldrift. (Diurnaldriftof the earth'sfield

is primarilydue to tidalmotionof the ionosphere).If not removedduring

data processing,the driftcan distortmagneticanomaliesof interest.Jl

4.3 DATAPROCESSING

,, The processingof totalfieldmagneticsurveydata consistsof two steps.

First,the driftratewithina base loop is determinedfrom successivebase

_eJ _ readings. The driftto be removedfrom eachmeasurementmade betweenthe base
readingsis calculatedby linearinterpolationversustime. The averagedrift

rateduringthis surveywas 15 gammasper hour. Second,an arbritary

;:,.,m constantvalue(50,000gammas)is subtractedfrom all the drift-corrected

readingsto reducethe valuesfrom five to only threedigits. The data are

ia then contouredand importantanomalieshighlighted.The anomaliescausedby
culturalfeatureswere labelledand removedfrom consideration.Important

!_ anomaliesfor the secondphasestudyare presentedin AppendicesA throughL.

Iiell
I:if,
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,,,, 5.0 ELECTROMAGNETICINDUCTIONSURVEY

g 5.1 INSTRUMENTATION

.m Soll conductivity measurements were made wtth a Geonics EM-31 terrain

conductivity meter. The instrument has separate transmitting and receiving

•= coils that act as magnetic dlpoles. Small-amplitude eddy currents are induced

in the ground when alternating current is applied to the transmitter coil.

? The resultant, secondarymagnetic flelds caused by the eddy currents arei

detected with th'ereceiver coil. The instrument is designed so that the ratio

of the received signal to the transmittedprimary field is proportionalto the
ell

soil conductivity. Field measurementsare rapid because no direct connection

with the ground is required. The meter's sensitivityis + 1 mmhos/m.

The EM-31 consists of a 12-foot-longboom containing the transmitterand

:_ receiver coils at either end. It Is operated by one person. Because of its• .J

! short coil separation,the instrumentgathers data predominantlyfrom

!:ie_ near-surfacematerlals. The effectivepenetrationdepth, in the normal
operatlngmode (verticaldlpoles), Is about 15 feet. The instrumentwas

connected to a Polycorderdata logger,which stores the soil conductivitydata

" along with the proflle/stationand date/time data in solld state memory. The

data were automaticallytransferredto a portable computer for processing and

_ display.

i:--- 5.2 DATAACQUISITION

eu The EMI data were obtainedalong every accessible profile within the grid

establishedat each site. EMI data were not collectedat the apron sites

i SW-2, SW-8, and SW-IO because the metal rebar base within the concrete

completelydistorted and masked the measurements. EMI data were not collected

_i_;i at Site SW-I between the base perimeter and Freeway 101 right-of-wayfences
I _ because the metal fences distorted the data. Precautionssimilar to those

described for the magnetic surveywere also taken when collectingthe EMI

data. While the readingswere taken, the sensor was held level with both ends

of the boom about three feet above the ground. Measurementswere made with

t
i
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-- the boom In line wlth the profile and always pointing In the same dlrectlon

regardless of which way the profile was traversed. At every fifth station

m along the profile, and at obviouslyanomalous readings,the boom was

positioned perpendicularto the profile and the reading noted. This technique

can determine the long axis of a narrow conductor, such as a buried pipeline.

Only one operator read the data within a base loop.

a No noisestudyis requiredfor the EMI survey.

._ The magnetic base stationestabllshedat each site was also used during the
Ill

EMI survey to determine instrumentdrift. Repeated readingswere made at the

base every 1.5 to 2 hours.
:agl

5.3 DATA PROCESSING
II

The method for processing EMI data is similar to the method descrlbed for

magnetic data. The drift rate is determined from the multiple base readings

and is removed from the data. The average drift rate during the survey wasam,
1.5 mmhos/m per hour. The adjusted data are then contouredand anomalies

highlighted (AppendicesA through L). The anomalies caused by cultural

featureswere labelled and removed from consideration.

a
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" 6.0 GROUNDPENETRATINGRADARSURVEY

"t
6.1 INSTRUMENTATION

i

GPR data were taken with a GeophysicalSurvey System, Inc., SIR System 8

ground-penetratingradar. Impulse radar radiates repetitive,short-time

'" duration, electromagneticpulses into the earth from a broad bandwidth antenna

placed very close to the ground surface. The equipment functionsas an echo

g sounding system using radar pulses of only a few nanosecondsto detect and

measure location and depth of reflectingdiscontinuitiesin the subsurface.

Continuous profiles are generatedby towing the antenna along a line andg

displaying the reflectedsignals on a graphic recorder. To obtain maximum

penetration,a 120 MHz antenna was used for this survey. The effective
i

penetrationdepth at the Moffett sites is estimatedto be between 8 and

10 feet. The penetrationwas limitedby a shallowwater table and clay in the

J subsurface.

i el
6.2 DATA ACQUISITION

; im
The GPR data were collected continuouslyalong every accessible profile and

halfway between profiles within the grid establishedat each site. With this

spacing, the swaths covered by the antenna housing overlapped on adjacent

profiles, thus increasingthe probabilityof detectinga small-diameterwell.

I

As the antenna center passed by the stationmarks on the profiles,a fiducia!

mark was electronicallyplaced on the GPR records. These marks were labelled

_. with profile and station numbers and formed the basis for posting locationsof

radar targets on the base map.

No noise or resolution tests were conductedwith the GPR because obtaining

maximum penetrationdepth was the most importantfactor. The effective
I

penetrationdepth was not detemined quantitativelybecause a target

(pipeline,storage tank) at a known depth was not available. Base stations
!,_

were not reoccupied because the instrumentdoes not produce numeric values.

Thus, the concept of drift does not apply.

!



: _, 6.3 DATAPROCESSING

The GPR data is shownin real time in a graphicformatthat does not require

._.; any driftor othercorrections.Anomalleswere highlightedon the recordsand

" categorizedas beingsmall,large,very large,or deepmetal targets.

Geologicfeaturessuchas trenchesor dippingstratawere ignored. The

.,m appropriatecategorysymbolfor eachanomalywas thenpostedon the site's

basemap (AppendicesA throughL). The anomaliescausedby knowncultural

_ featureswere labelledand removedfromconsideration.Anomalieswith similar

shapewere connectedif theyformedlinearfeaturesand were labelledas a

probableburiedculturalfeature.
Im

g

r-¸
mm

a

- ia

V

':-i 12



_.i-- 7.0 CONCLUSIONS

_m The interpretation process consisted of the following steps:

•m o Anomalieswere identlfledin eachof the threegeophysicaldata
sets (i.e.,GPR,magnetics,and EMI)

o Anomaliesassociatedwith obviousculturalfeatureswere labelled
" and then removedfromconsideration

o Geophysicaldata setswere comparedto findcoincidentanomalies

o Coincidentanomalieswere selectedas being"PotentialTargets"
and were rankedat each site.

91

For the purposeof rankingthe "PotentialTargets,"themagneticdataare

g consideredto be the most diagnosticfor thesesites. The magneticsurvey

can respondto targetsdeeperthan the estimatedmaximumpenetrationdepth

_ (10 feet)of the radarsurvey. Also,the magnetometer,unlikethe GPR, can
Ill

detecta targetwithoutpassingdirectlyover it. (Twiceas many GPR profiles

were obtainedat each site to minimizethe possibilityof missinga well
becauseit was locatedbetweenprofiles.)At severalsites,the usefulnessof

the EMI datawas limitedby interferencefrom culturalfeatures. Once

"PotentlalTargets"were identifiedand markedon themap, theirlocations

were also stakedin the field.

a
Severalgeneralizeddescriptionsare used in the followingdiscussionto

explainthe variousobservedgeophysicalanomalies.
all

MAGNETICANOMALIES

All "PotentialTargets"are locatedon large-amplitudemagneticanomalies
thatare circularin shape. The anomaliesconsistof a high-lowpair of
contourline closuresthat are only 5 to 20 feetapart. The pair is

Ia orientedwith the low towardmagneticnorth(ignoringremanence).The
laterallocationof the sourceiswithinthe steepestpart of the gradient
betweenthe high-lowpair. Thisgeneraldescriptionrepresentsthe ideal
magneticanomalyover a small-dlameter,verticalwell. Any exceptionto

g this generaldescriptionwill be specificallynotedfor each "Potential
Target."

!-
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EMI ANOMALIES
ill

The majority of the data primarily respond to nearby cultural features.
EMI data were not collected at four sites (SW-1, SW-2, SW-8, and SW-10)

i. because the surroundingcultural features were completely distorting the
data.

!_ GPR ANOMALIES

GPR data collected over a buried metal object indicate very strong
reflections. The GPR record over the irrigationwell found at site 23-AI

" during the first phase survey produced a series of narrow dark bands
immediatelyover the wet1. The majority of the "PotentialTargets" did
not produce GPR anon_lies. This does not preclude the possibility that a
well Is the source of the magnetic anomaly, because the effective
penetrationdepth of the GPR is no more than 8 to 10 feet and may be much
less.

The anomaly identificationnumbers do not representa ranking or priority
at a site.

POTENTIALTARGETS

Site SW-l: 7 Targets
Site between Macon Road and Freeway 101 Right-of-Way

The magnetic map does not show any small-area closures except along the
qlq

east-west, chain-link fence marking the base perimeter. These seven anomalies

are centered on the metal fence but are still thought to represent the well

because the average fence magnetic high is between 600 and 1,000 gammas andg

these anomalies range from 1,600 to 2,800 gammas. Therefore, the presence of

the fence is contributingto the amplitude of the anomalies, but there must be
em

either additional buried iron at these locationsor remanencemagnetizationof

the fence poles to produce these larger amplitudeanomalies. There were no

metal targetsmapped with the GPR.

•m Targets I, 2, 3 - These targets produce very characteristicmagnetic
• anomalies that may represent the well. Target 2 is

locatedat the eastern edge of a pair of high
magnetic closures. The west closure represents the
steel pole marking the high-pressuregas line.

Targets 4, 5, 6, 7 - These targetsproduce characteristicmagnetic
j anomalies but are elongated in the east-west

direction. This deviation from a sma11-area
circular closuremay be caused by a superimposed

- magnetic anomaly from the fence or may representa
buried taget that is not the small-diameterwe11.

_ 14



•= Slte SW-IN: No Targets
Site in IrrigatedField, North of KJC-I.

== The magnetic map is almost featureless. Only the east-west trending

irrigation pipeline on the surfacebetween stations -12 and -16 produced a

magnetic anomaly. There were no me.taltargetsmapped with the GPR.

Site SW-Z: 4 Targets
,= Site on Apron Near Fire Dept

The magnetic contourmap shows four distinctiveanomalies not associated with

_., cultural features. Severalmagnetic targetswere mapped with the GPR.

Target I - This target produces extremelycharacteristiclarge-
== amplitudemagnetic anomaly that may representthe well.

Even though it is located near a north-southtrending
trench, this target is thought to represent the well
because it is not centered on the trench. The GPR data

g show a metal target at the steepest part of the magnetic
gradient.

i Target 2 - This target produced a magnetic high-low closure, except
that the high is toward magnetic north. Thls condition

can be caused by remanencemagnetizationof the well
m casing or by a combinationof several anomalies from

closely spaced targets,which may not be the well. As
with Target i, this target is not thought to be
associatedwith the trench.

,==

Target 3, 4 - These targetsproduce low-amplitudeand elongatedmagne-
tlc anomalies. The GPR data show a weak reflectornear

_ == each anomaly, but these are not consideredto be
associatedwith the buried target causing the magnetic
anomallesbecause they are not located near the steep

., magnetic gradient.

Site SW-3: No Targets
Site at BEQ Building

The magnetic map shows a relativelysmooth gradient dipping towards the

,_ building. The only features in the map are caused by a steel pole and a

, street light. No metal targetswere mapped with the GPR.

iiwmll

Site SW-6: 2 Targets
Site Within Plane Wash Area

The magnetic map is dominated by the northwest- to north-trending metal fence.

The magnetic anomalies along the fence have the same general au_plitudeand

15
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shapeand thereforeare not thoughtto representthewell near the fence(as

with site SW-I). No metaltargetsweremappedwith the GPR.
ill

Targetsi, 2 - Thesetargetsproducemagnetichigh-lowpairsthatmay
representthe we11. EMI datashow a low-amplitude

-- anomalytrendingnorth-southroughlycenteredon the
steampipeline. This EMI and anomalypassesthrough
thesetwo targets. Therefore,the targetsmay be

., associatedwith the pipeline,whichgenerallyhas no
magneticexpression.

Site SW-7: 2 Targets
-- Site NearGalleyBuilding

The magneticmap showstwo anomaliesnot associatedwith culturalfeatures.

" Severalmetal targetsweremappedwith the GPR.

Target1 - This targetproducesa characteristicmagneticanomaly
=" thatmay representthewell. The GPR showsa metal

targetlocatedat the steepestpart of themagneticgra-
dlent. The magneticanomalyis not thoughtto be asso-

" ciatedwith the north-southtrendingstormdrainbecause
themagneticanomalyis circularnot linear,as expected
fromthe shapeof the drain.

• elj_f
I

Target2 - This targetproducesa characteristicmagneticanomaly
thatmay representthewet1. EMI data showa 1ow-

i amplituderidge,whichmay representa buriedpipeline
trendingnorth-souththroughthisanomaly. The pipeline
must be buriedat least8 feet deep becauseno metal
targetsweremappedwith the GPR.

I

Site SW-8: 4 Targets
Site on ApronNear DoubleHangers

I

The magneticmap is very distortedby surroundingculturalfeatures. Several

metal targetsweremappedwith the GPR.
I

Target1 - This targetproducesa magnetichigh-lowpair that is
large-amplitudebut is elongatedeast-westwith the high

i towardmagneticnorth. Superimposedmagneticanomalies
fromsurroundingculturalfeaturescouldhavecausedthe
elongation,and remanencemagnetizationof the well

ii:J casing could cause the high-lowreversal. The GPR shows
a metal targetlocatedwithinthe steepestpart of the
magneticgradient.

::- Target2 - This targetproducesa magnetichigh-lowpair that is
v elongatedeast-westand may representthewell. The GPR

showsa met_1targetlocatedwithinthe steepestpart of
iml
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the magneticgradlent. Thls targetcouldalso be caused
by the two nearby,east-westtrendlngburledpipelines.
Thesepipelinesdo not causecontinuousmagneticanoma-

=" 11esalongthelrlengthbut st111couldbe the sourceof
thismagneticanomaly.

,= Targets3, 4 - Thesetargetsproducelarge-a_litudemagneticanomalies
thatmay representthewell,but theyare centeredon
the east-westtrendingtrench. Theseanomaliesare
thoughtto be causedby man-madeobjectswithinthe

'= trench.

Site sw-g: No Targets
Site BetweenTaxiwayand Runway

The magneticmap does not showany featuresexceptone that is too smallin

" amplitudeto be the well. No metaltargetswere mappedwith the GPR.

Site SW-IO:3 Targets
m Site on ApronEastof the PlaneWashArea

The magneticmap is verydistortedby surroundingculturalfeatures. Several

w metaltargetswere mappedby the GPR.

_ ,,*=_ TargetI - This targetproducesa magnetichigh-lowpair that is
elongatedeast-westand may representthewell. The
anomalyalso may be causedby a probableeast-west
trendingburiedpipelinemappedby the GPR. This

" possiblepipelinepassesthroughthe magneticgradient
and couldcausethe elongationof the anomaly.

'i Targets2, 3 - Thesetargetsproducemagnetichigh-lowpairsthatare
elongatedeast-westand may representthe well.
Surroundingculturalfeaturescouldcausethe elonga-

,= tlon.

Site SW-11:2 Targets
Site on BaseballFieldand PicnicArea

fIR

The magneticmap is dominatedby the gazeboand the metalfenceseparating

the baseballfieldfrom the picnicarea. Severalmetaltargetswere mappedJ

with the GPR.

L" TargetI - This targetproducesa characteristicmagneticanomaly
r thatmay representthewell. The anomalyis thoughtto

representthe well even thoughit is locatedon the
,_, metalfencethatproducesa north-southtrending

magnetichighalongits length. If the anomalywas
solelycausedby the fenceend,then the steepestpart
of the magneticgradientwouldbe locatedon the fence

[ Jill



m

='_ end. Instead,the gradlentis locatedabout15 feet to
the south.

_,m Target2 - This targetproducesa small-amplitudemagnetichlgh-low
pair thatmay representthewe11.

i!i Sites15G01and 15G02:

No Targets
_: SitesWithinResidentialArea

The magneticmap for the east and west panelsand the GPR data show only
anomaliescausedby culturalfeatures.
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